The DNA hypomethylating agent 5-azacytidine greatly increased the reactivation of alphaherpesvirus saimiri-1 (~tHVS) from latently infected rabbit dorsal root ganglia, although it inhibited the virus yield and plaque formation efficiency of ~HVS in Veto cells. 12-O-Tetradecanoylphorbol 13-acetate (a protein kinase C activator) and sodium n-butyrate both had a stimulating action on replication in Vero cells but did not affect the release of ctHVS from latently infected rabbit dorsal root ganglia.
Two isolates of alphaherpesvirus saimiri (c~HVS) (formerly herpesvirus tamarinus) have been shown to produce fatal encephalitis (KM91) (Leib et al., 1988) or to establish latency (KM322) in dorsal root ganglia (DRGs) (Tosolini et al., 1982) when injected intradermally into rabbits. These isolates are very closely related in terms of restriction endonuclease digest patterns, polypeptide immunoprecipitation and growth characteristics (Leib et al., 1987) . Intradermal inoculation of rabbits in the flank with ~HVS KM322 produces an initial skin lesion followed by ganglionitis as manifested by areas of hypoaesthesia (Tosolini et al., 1982) . This is followed by a period of prolonged latency during which spontaneous reactivation has never been observed (Tosolini et al., 1981) although virus can be recovered by cocultivation of DRGs with a monolayer of permissive cells. However a very low proportion of ganglia serving the inoculated dermatomes yield reactivating virus by cocultivation (< 20 %), thus necessitating the sacrifice of a high number of rabbits to produce statistically significant results. In order to improve the sensitivity of detection of latent virus a number of agents known to stimulate other virus systems were incorporated into explant culture media. Since the molecular mechanisms involved in maintaining the latent state and in triggering reactivation are ill understood the agents used were selected for their different modes of action.
5-Azacytidine (5-AzaC) is a DNA hypomethylating agent. The level of methylation of cytosine in CpG dinucleotides in DNA has been implicated as a means of cellular and viral gene control in a number of systems (reviewed by Doerfler, 1983) . Generally a high degree of DNA methylation correlates with gene inactivation whereas low levels of methylation are associated with active parts of the genome. Inverse correlations between DNA methylation and gene expression have been observed in a number of virus replication systems including those of herpesviruses. In an in vitro latency system Youssoufian et al. (1982) showed latent herpes simplex virus type 1 (HSV-1) DNA to be extensively methylated, but this was not the case in actively replicating virus. In gammaherpesvirus saimiri (a virus not closely related to ~HVS) DNA is methylated in non-producing lymphoid cell lines but not in producing lines (Desrosiers et al., 1979) . Also, the experimental induction of a previously inactive thymidine kinase gene in HSV-I is associated with concurrent demethylation of the gene promoter (Clough et al., 1982; Ben-Hattar & Jiricny, 1988) . A number of groups have used hypomethylating agents to increase reactivation from explanted tissue latently infected with HSV (Whitby et al., 1987; Bernstein & Kappes, 1988; Stephanopoulos et al., 1988) .
The model used for this experiment extends the investigation to a different alphaherpesvirus, ~HVS, which produces latency in the rabbit, and unlike other models does not involve spontaneous reactivation.
The phorbol ester 12-O-tetradecanoylphorbol 13-acetate (TPA) exerts a variety of effects on cells, in particular it is a potent tumour promoter. In certain cells TPA may inhibit or stimulate differentiation, stimulate DNA synthesis, induce the production of various growth factors, hormones and other cellular secretions and induce proto-oncogenes (Yamamoto, 1984) . TPA has been used in virus systems to enhance human immunodeficiency virus (HIV) replication in MT-4 ceils (Harada et al., 1986) , to stimulate transcription from the simian virus 40 enhancer (Chiu et al., 1987) and to induce Epstein-Barr virus (EBV) replication in producer lymphoblastoid cell lines (zur Hausen et al., 1978; Laux et al., 1988) .
Sodium n-butyrate, like TPA, induces a wide variety of effects on cells. Generally it modifies gene expression without reducing protein synthesis but in specific cells it may prevent division and induce the production of certain proteins (Kruh, 1982) . Butyrate has been used as a differentiation inducer in a number of cell lines in culture (Leder & Leder, 1975; Schneider, 1976) . The agent was chosen for this experiment because of its stimulatory effect on reactivation of HSV from latently infected trigeminal ganglia (Hino & Sekizawa, 1986) and EBV replication in producer cell lines (Luka et al., 1979; Saemundsen et al., 1980) . It has also been shown to activate HIV long terminal repeat-directed gene expression (Bohan et al., 1987) and to permit HSV replication in otherwise restricted neuroblastoma cells in culture (Ash, 1986) .
New Zealand white rabbits were inoculated intradermally in the flank with three 0-2 ml doses each containing 500 p.f.u. ~HVS (KM322) as described previously (Tosolini et al., 1982) . After at least 1 month the rabbits were killed with an overdose of barbiturate. The spinal cord was exposed and six DRGs were dissected out from each side, spanning and over-reaching those supplying nerves to the infected dermatomes. Each ganglion was individually minced into approximately 0-5 mm 3 fragments, divided equally into test groups and placed onto confluent Vero cell monolayers in 16 mm diameter stoppered test tubes. These cultures were maintained at 37 °C in Earle's 199 medium (Gibco) containing 20 ~ foetal calf serum, 2 ~ sodium bicarbonate, 100 units/ml penicillin, 100 ~tg/ml streptomycin and either 50 ~tM-5-AzaC, 5 ng/ml TPA, 2 mMsodium n-butyrate or no drug. In this way comparisons between drugs and controls were effected between fragments from the same DRG. The concentration of each drug was chosen as the highest not showing cytotoxicity in explant cultures. After 3 days all tubes were refed with drugfree medium and this was repeated every 7 days. The cultures were maintained for 8 weeks and monitored every day for cytopathic effect associated with reactivating virus. All isolates were confirmed as the input strain by restriction endonuclease analysis of viral DNA (Darville, 1983) .
5-AzaC-treated cultures reactivated more rapidly ( Fig. 1) and to a greater extent (Table 1 ) than controls and by 8 weeks post-explantation 42% of treated cultures had reactivated as compared to 16 ~ of controls (P < 0.00001). Neither TPA nor n-butyrate showed any significant difference in frequency (Table 1) or speed ( Fig. 1 b and c) of reactivation from controls. In all control cultures the timing of the appearance of c.p.e, around explanted ganglion fragments was consistent with reactivation of latent virus. Isolation of virus was more rapid in 5-AzaC-treated tubes, but in this well studied system where spontaneous reactivation in the intact rabbit has never been observed this is most unlikely to be detection of non-latent virus. It is more probable that this observation represents a stimulation of reactivation induced by 5-AzaC.
In order to investigate the effects of 5-AzaC, TPA and n-butyrate on productive KM322 infection, plaque formation efficiencies and virus yield were determined. Confluent monolayers of Veto cells in 16 mm diameter test tubes were infected with 2 × 10 z to 5 x 102 p.f.u. KM322 in 199 medium (2~ foetal calf serum) containing increasing concentrations of each drug. After 2 days, counts of microplaques were compared to those of drug-free controls. The supernatants from these cultures were then harvested, centrifuged to remove cellular debris and titrated on Vero cells to determine virus yield. An overlay was not used on tube cultures since previous * Latently infected ganglionic fragments were cocultivated on Vero cell monolayers in medium containing 50 ~tM-5-AzaC, 5 ng/ml TPA or 2 mM-sodium n-butyrate. In each case fragments from the same ganglia were cultivated without drugs as controls.
Ns, Not significant. observation has shown that no secondary plaque formation occurs within 48 h (Tosolini et al., 1982) and supernatants were required for titration. Increasing concentrations of 5-AzaC decreased both plaquing efficiency and virus yield ( Fig.  2a and b) . This may be due to cytotoxicity or possibly inhibition of a transient methylation of the herpesvirus genome during replication, as has been shown to occur in HSV-1 (Sharma & Biswal, 1977) . TPA increased plaque formation efficiency and virus yield at low concentrations but inhibited viral replication at higher concentrations (5000 ng/ml) ( Fig. 2c and d) . The drug was cytotoxic at this level. Butyrate had no effect on plaque formation at low concentrations but was inhibitory at >2 mM. Conversely an increase in virus yield was seen with increasing concentrations of n-butyrate ( Fig. 2e and f) .
TPA and n-butyrate showed no significant effect on reactivation of ~HVS, despite the fact that both drugs show stimulatory effects on ~HVS replication in Vero cells at the concentrations used in explant cultures. It is noteworthy that Hino & Sekizawa (1986) have demonstrated increased reactivation of latent HSV from murine trigeminal ganglia using the same concentration (2 mM) of butyrate. Monolayers of "qero cells were infected with KM322 in medium containing increasing concentrations of each drug. After 2 days plaques were counted and supernatants were harvested, centrifuged and titrated on Vero cell monolayers.
The pleiotropic effects of TPA are thought to be mediated through stimulation of protein kinase C, a plasma membrane signal transducer (Nishizuka, 1984 (Nishizuka, , 1986 . The failure of TPA to affect reactivation rates may be due to a lack of the appropriate receptors on the neurons harbouring the latent virus, to the inability of protein kinase C activation or other TPA-induced effect to stimulate reactivation, or simply due to limits on the concentration used, imposed by cytotoxic effects in explant cultures. Clearly this drug is of no use in increasing the sensitivity of this cocultivation system.
The effect of n-butyrate varies according to cell type and the virus tested, for example it can stimulate EBV replication in P3HR-1 cells (Luka et al., 1979) but inhibits adenovirus type 2 replication in 3T3 cells (Iseki & Baserga, 1983) and polyoma virus replication in mouse kidney cells (Wawra et al., 1981) . It has been proposed that n-butyrate modifies gene expression by inhibition of histone deacetylase and thus hyperacetylation of histones (Kruh, 1982) .
5-AzaC is a cytosine analogue with the carbon-5 atom replaced by a nitrogen thus inhibiting methylation at this position when it is incorporated into DNA. An additional and more significant mode of action is by irreversibly binding to and inhibiting cellular methylases (Doerfler, 1983) . Thus a 5~o incorporation of 5-AzaC into DNA can cause an 80~ drop in methylation (Taylor & Jones, 1982) . The mechanism by which methylation regulates gene expression is unknown but it has been suggested that it may be mediated by changes in chromatin structure (Kolata, 1985 If the ~tHVS genome is almost totally suppressed during latency, except for limited transcription as seems to be the case for HSV, and since it resides in non-dividing nervous tissue it appears that any hypomethylation will be effected through DNA repair processes. Such unscheduled repair synthesis has been shown to occur in cultured neurons (Sanes & Okun, 1972 We thank Noel Blundell for help with graphics and Betty Kitchen for typing the manuscript.
